Synthesis of Phenolic β---O---4 substrate S11 Scheme 1 Synthesis of phenolic β-aryl ether substrate 11
As shown in Scheme 1, synthesis of the phenolic β---O---4 substrate started with alkylation of a known bromide 4---(2---bromoacetyl)---2---methoxyphenyl benzoate (1) with methyl (E)---3---(4---hydroxy---3---methoxyphenyl)acrylate. (2)(3) With compound 3 in hand, an aldol condensation with formaldehyde produced compound 4 in 78% yields. (4) Hydrogenation with Pd/C as the catalyst under 1 atmosphere hydrogen not only reduces the carbon---carbon double bond of the α,β---unsaturated methyl ester, but also reduced the Cα---ketone to the corresponding secondary alcohol. Presumably the adjacent phenyl ring facilitates the reduction of the ketone. Saponication (5) of the methyl ester by treating compound 5 with sodium hydroxide provided the desired carboxylic acid 6, with the protecting group of benzoyl on phenol being removed as well. The acid 6 and amine 7 are linked by HATU (1---[Bis(dimethylamino)methylene]---1H---1,2,3---triazolo [4,5---b ]pyridinium 3---oxid hexafluorophosphate) mediated amide bond formation (6) to afford compound 8. The phthalimide protection group was removed by hydrazine. mediated amide formation between amine 9 an acid 10 afforded the desired phenolic β---O---4 substrate 11.
Detailed Reaction Steps Leading to Compound 11 (E)---2---Methoxy---4---(2---(2---methoxy---4---(3---methoxy---3---oxoprop---1---en---1---yl)phenoxy)acetyl)phenyl benzoate (3)
To a stirred solution of 4---(2---bromoacetyl)---2---methoxyphenyl benzoate (6) 1 (4.48 g, 12.8 mmol) and Methyl 3---(4---OH---3---OMe)cinnamate 2 (3.20 g, 15.4 mmol) in acetone (100 mL) was added K2CO3 (2.00 g, 7.62 mmol). ( 2) The resulting mixture was stirred at 52 °C for 3.5 h and the solvent was evaporated under reduced pressure and the resulting residue was redissolved in ethyl acetate. After filtration and concentration under reduced pressure, the residue was subjected to column purification to give 5.12 g compound 3 in 84% yield. 1 
(E)---4---(3---hydroxy---2---(2---methoxy---4---(3---methoxy---3---oxoprop---1---en---1---yl)phenoxy)propanoyl)---2---methoxyphenyl benzoate (4)
To a stirred solution of compound 3 (700 mg, 1.47 mmol) in DMSO (4 mL) was added formaldehyde power (50 mg, 1.67 mmol) and K2CO3 (61 mg, 0.43 mmol). The resulting mixture was stirred at room temperature for 2 h. The resulting residue was subjected to column purification to give 800 mg compound 4 in 78% yield. 1 
4---(1,3---dihydroxy---2---(2---methoxy---4---(3---methoxy---3---oxopropyl)phenoxy)propyl)---2---methoxyphenyl benzoate (5)
To a stirred solution of compound 4 (450 mg, 0.89 mmol) in methanol (25 mL) was added Pd/C (100 mg, 0.047 mmol). The system was purged with hydrogen three times before stirring under 1atm hydrogen gas at room temperature for 15 h. After filtration and concentration under reduced pressure, the resulting residue was subjected to column purification to give 445 mg compound 5 as two diastereomers with ratio of 7:3 in 98% total yield. 1 To a stirred solution of compound 5 (330 mg, 0.65 mmol) in a mixture of methanol (4 mL) and water (2 mL) was added NaOH (2.6 mL, 0.5 M). The resulting mixture was stirred at room temperature for 2 h. After quenching the reaction with HCl (5 mL, 0.5 M), Ethyl acetate was used for extraction. The combined organic layers were concentrated under reduced pressure and the resulting residue was subjected to column purification to give 200 mg compound 6 as two diastereomers with ratio of 7:3 in 80% total yield. 1 
3---(4---((1,3---dihydroxy---1---(4---hydroxy---3---methoxyphenyl)propan---2---yl)oxy)---3---methoxyphenyl)---N---(5---(1,3---dioxoisoindolin---2---yl)pentyl)propanamideCompound (8)
To a stirred solution of compound 6 (28 mg, 0.069 mmol) in DMF (2 mL) under nitrogen was added HATU (29 mg, 0.076 mmol) and the resulting mixture was stirred at room temperature for 10 mins. Compound 7 (34 mg, 0.138 mmol) in 1 mL of DMF was added dropwise and the reaction mixture was continued to stir for another 20 mins before the addition of DIPEA (36 uL, 0.207 mmol). The resulting mixture was stirred at room temperature for 12 h. After evaporation of the solvent under reduced pressure, the residue was subjected to column purification to give 40 mg compound 8 as two diastereomers with ratio of 7:3 in 91% total yield. 1 
---heptadecafluorodecyl (19---(4---((1,3---dihydroxy---1---(4---hydroxy---3---methoxyphenyl)propan---2---yl)oxy)---3---methoxyphenyl)---3---imino---2---methyl---9,17---dioxo---2,4,10,16---tetraazanonadecan---8---yl)carbamateCompound (11)
To a stirred solution of compound 8 (64 mg, 0.11 mmol) in CHCl3 (5 mL) was added hydrazine monohydrate (50 μL) and the resulting mixture was stirred at room temperature for 24 h. After evaporation of the solvent under reduced pressure, the residue was pumped under high vacuum to give 48 mg compound 9, which was used directly in next week without purification. DEN_B_7 the acid (15 mg, 0.021 mmol) was dissolved in dry DMF (1 mL). With stirring, HATU (9 mg, 0.023 mmol) was added as a solid and the resulting clear solution was stirred for 10 min at room temperature. Compound 10 (20 mg, 0.042 mmol) in 1 mL of dry DMF was injected and the resulting pale yellow solution was stirred for additional 20 min before DIPEA (11 μL, 0.063 mmol) was injected. The resulting yellow solution was stirred at room temperature for 12h. After evaporation of the solvent, the residue was subjected to column purification to give 15 mg of compound 8 in 62% yield. 1 Efforts to directly alkylation of the phenol of compound 11 with methyl iodide failed to provide any desired nonphenolic product. Therefore, the synthesis of nonphenolic β---O---4 substrate (Scheme 2) started with the removal of benzoyl group of compound 5 by n---butylamine in benzene (8) followed by methylation with iodomethane in acetone using potassium carbonate as the base (9) . Saponification of methyl ester 13 afforded acid 14, which was linked to amine 15 by HATU mediated amide formation. After deprotection of phthalimide, the resulting primary amine was coupled with an acid 10 by HATU mediated amide formation to afford desired nonphenolic β---O---4 substrate 18 with 77% overall yields with two steps. --((1,3---dihydroxy---1---(4---hydroxy---3---methoxyphenyl) propan---2---yl)oxy)---3---methoxyphenyl)propanoate (12) To a stirred solution of compound 5 (120 mg, 0.24 mmol) in benzene (2 mL) was added n---BuNH2 (1.3 mL). The resulting mixture was stirred at room temperature for 24 h. After evaporation of the solvents under reduced pressure and the resulting residue was subjected to column purification to give 70 mg compound 12 as two diastereomers with ratio of 7:3 in 73% total yield. 1 
Detailed Reaction Steps Leading to Compound 18 Methyl 3---(4-

Methyl 3---(4---((1---(3,4---dimethoxyphenyl)---1,3---dihydroxypropan---2---yl)oxy)---3---methoxyphenyl)propanoate (13)
To a stirred solution of compound 4 (62 mg, 0.15 mmol) in acetone (5 mL) was added methyl iodide (0.1 mL) and K2CO3 (211 mg, 1.53 mmol). The resulting mixture was stirred at room temperature for 12 h. After evaporation of the solvents under reduced pressure, the resulting residue was subjected to column purification to give 60 mg compound 13 as two diastereomers with ratio of 7:3 in 94% total yield. 1 
3---(4---((1---(3,4---dimethoxyphenyl)---1,3---dihydroxypropan---2---yl)oxy)---3---methoxyphenyl)propanoic acid (14)
To a stirred solution of compound 13 (125 mg, 0.30 mmol) in a mixture of methanol (4 mL) and water (2 mL) was added NaOH (1.2 mL, 0.5 M). The resulting mixture was stirred at room temperature for 2 h. After quenching the reaction with HCl (10 mL, 0.1 M), Ethyl acetate was used for extraction. The combined organic layers were concentrated under reduced pressure and the resulting residue was subjected to column purification to give 100 mg compound 14 as two diastereomers with ratio of 7:3 in 82% total yield. 1 
3---(4---((1---(3,4---dimethoxyphenyl)---1,3---dihydroxypropan---2---yl)oxy)---3---methoxyphenyl)---N---(5---(1,3---dioxoisoindolin---2---yl)pentyl)propanamideCompound (16)
To a stirred solution of compound 14 (47 mg, 0.12 mmol) in DMF (2 mL) under nitrogen was added HATU (50 mg, 0.13 mmol) and the resulting mixture was stirred at room temperature for 10 mins. Compound 15 (56 mg, 0.24 mmol) in 1 mL of DMF was added dropwise and the reaction mixture was continued to stir for another 20 mins before the addition of DIPEA (63 uL, 0.36 mmol). The resulting mixture was stirred at room temperature for 12 h. After evaporation of the solvent under reduced pressure, the residue was subjected to column purification to give 70 mg compound 16 as two diastereomers with ratio of 7:3 in 96% total yield. 1 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10---heptadecafluorodecyl (20---(4---((1---(3,4---dimethoxyphenyl)---1,3---dihydroxypropan---2---yl)oxy)---3---methoxyphenyl)---3---imino---2---methyl---9,18---dioxo---2,4,10,17---tetraazaicosan---8---yl) carbamate Compound (18) To a stirred solution of compound 16 (28 mg, 0.044 mmol) in CHCl3 (3 mL) was added hydrazine monohydrate (30 μL) and the resulting mixture was stirred at room temperature for 24 h. After evaporation of the solvent under reduced pressure, the residue was pumped under high vacuum to give 22 mg compound 17, which was used directly in next week without purification. Compound 10 (15 mg, 0.022 mmol) was dissolved in dry DMF (1 mL). With stirring, HATU (9.2 mg, 0.023 mmol) was added as a solid and the resulting clear solution was stirred for 10 min at room temperature. Compound 17 (22 mg, 0.044 mmol) in 1 mL of dry DMF was injected and the resulting pale yellow solution was stirred for additional 20 min before DIPEA (8.6 μL, 0.066 mmol) was injected. The resulting yellow solution was stirred at room temperature for 12h. After evaporation of the solvent, the residue was subjected to column purification to give 20 mg of compound 18 in 77% yield. 1 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( -10  0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( -10  0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 
